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(54) Apparatus and method for processing gray scale in display device

(57) An apparatus and method for processing a gray
scale in a display device is provided. In the gray scale
processing method, a video data is randomly error-dif-

fused by using random coefficients, and the error-dif-
fused video data is dithered by using average picture
level(APL) masks, thereby enhancing a gray scale ex-
pression and minimizing an error diffusion noise.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a display de-
vice, and more particularly, to a gray scale processing
apparatus and method capable of enhan cing a gray
scale expression and minimizing an error diffusion
noise.

Description of the Related Art

[0002] Recently, a plasma display panel (PDP), which
facilitates fabrication of a large -sized panel, has come
into notice as a flat panel display. The PDP repro duces
pictures by adjusting the respective gas discharge peri-
ods of pixels depending on digital video data.
[0003] Fig. 1 is a perspective view illustrating a struc-
ture of a discharge cell in the related art PDP.
[0004] Referring to Fig. 1, the discharge cell of the
PDP includes a sustain electrode pair 12A and 12B
formed on an upper substrate 10 and a data electrode
20 formed on a lower substrate 18.
[0005] The sustain electrode pair 12A and 12B each
have a double-layer structure of a transparent electrode
and a metal electrode. The sustain electrode pair 12A
and 12B are divided into a scan electrode 12A for sup-
plying a scan signal for address discharge and a sustain
signal for sustain discharge, and a sustain electrode
12B for supplying a sustain signal alternating with the
scan electrode 12A. The data electrode 20 is formed to
intersect with the sustain electrode pair 12A and 12B,
and supplies a data signal for address discharge.
[0006] An upper dielectric layer 14 and a protective
layer 16 are stacked on the upper substrate 10 on which
the sustain electrode pair 12A and 12B are formed. The
upper dielectric layer 14 and a lower dielectric layer 22
accumulate charges generated by discharge. The pro-
tective layer 16 prevents damage of the upper dielectric
layer 14 by sputtering of pl asma particles during the
discharge and increases an emission efficiency of sec-
ondary electrons. Accordingly, a driving voltage applied
from the outside can be lowered by the upper and lower
dielectric layers 14 and 22 and the protective layer 16.
[0007] The lower dielectric layer 22 is formed on the
lower substrate 18 where the data electrode 20 is
formed. A barrier rib 24 is formed on the lower dielectric
layer 22 with the data electrode 20 interposed therebe-
tween. A phosphor layer 26 is formed on surfaces of the
lower dielectric layer 22 and the barrier rib 24. The phos-
phor layer 26 includes a red (R) phosphor layer, a green
(G) phosphor layer and a blue (B) phosphor layer. The
phosphor layer 26 separates a discharge space to
thereby prevent ultraviolet ray s generated by gas dis-
charge in the discharge space from leaking toward its
neighboring discharge space. The phosphor layer 26 is

radiated by ultraviolet rays generated by gas discharge
to thereby emit R, G and B visible rays. The discharge
space is char ged with inert gases for gas discharge.
[0008] Although only one discharge cell is shown in
Fig. 1, the PDP can also include a plurality of discharge
cells arranged in matrix form.
[0009] A discharge cell is selected by address dis-
charge of the data electrode 20 and the scan electrode
12A, and the selected discharge cell maintains dis-
charge by sustain discharge by the sustain electrode
pair 12A and 12B. During the sustain discharge, the
phosphor 26 is radiated by ultraviolet rays generated in
the selected discharge cell and thereby emits R, G and
B visible rays. Accordingly, the discharge cell represents
a gray scale by adjusting a sustain discharge period,
namely the frequency of a sustain discharge according
to video data. Combination of 3 discharge cells respec-
tively coated with R, G and B phosphor layers 26 ena-
bles representation of a color of one pixel.
[0010] As an exemplary method of PDP driving meth-
od, there is an ADS (address and display separated)
driving method that drives a PDP in such a way that an
address period is separated from a display period,
namely, a sustain period. The ADS driving method di-
vides one frame 1F into a plurality of sub-fields SF1
through SF8 corresponding to respective bits of video
data. The sub - fields each is then subdivided into a reset
period RPD for initialization of a discharge cell, an ad-
dress period APD for selection of a discharge cell, and
a sustain period SPD for maintenance of the selected
discharge cell 's discharge. Different weights are given
to sub-fields during the sustain period SPD, and the sus-
tain periods are combined according to video data,
whereby a gray scale is represented.
[0011] The PDP uses an error diffusing method so as
to enhance an gray scale expression.
[0012] The error diffusing method calculates quanti-
zation error data of digital video data by using the Floyd-
Steinberg error diffusing filter, applies different weights
according to the calculated quantization error data and
then diffuses the error to neighboring pixels.
[0013] For example, if an error diffusing operation
about a current pixel P5 is performed as shown in Fig.
3, the error diffusing method gives a weight 1/16 to a
pixel P1 neighboring the current pixel P5, a weight 5/16
to a pixel P2, a weight 3/16 to a pixel P3, and a weight
7/16 to a pixel P4, and thereby calculates error diffusion
coefficients about the respective pixels P1 through P4.
Thereafter, the error diffusing method generates a carry
signal by adding the calculated error diffusion coeffi-
cients and then obtains a current pixel value by adding
the carry signal to a current pixel value P5.
[0014] However, the effort diffusing method has a
problem in that error diffusion coefficients (that is,
weights) about neighboring pixels are constantly set and
repeated at every line and at every frame, whereby an
error diffusing pattern is generated.
[0015] Further, the prior art error diffusing method has
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a limitation in a gray scale expression of video data.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed
to an apparatus and method for processing a gray scale
in a display device that substantially obviates one or
more problems due to limitations and disadvantages of
the related art.
[0017] An object of the present invention is to provide
a gray scale processing apparatus and method capable
of increasing a gray scale expression and minimizing an
error diffusion noise.
[0018] Additional advantages, objects, and features
of the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the inven-
tion. The objectives and other advantages of the inven-
tion may be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.
[0019] To achieve these objects and other advantag-
es and in accordance with the purpose of the invention,
as embodied and broadly described herein, a method
for processing a gray scale in a display device includes
the steps of: randomly error -diffusing a video data by
using random coefficients; and dithering the error-dif-
fused video data by using average picture level (APL)
mask.
[0020] In another aspect of the present invention, an
apparatus for processing a gray scale in a display device
includes: a random error diffusing block for randomly er-
ror - diffusing a video data by using random coefficients;
and a dithering block for dithering the error -diffused vid-
eo data by using average picture level (APL) mask.
[0021] It is to be understood that both the foregoi ng
general description and the following detailed descrip-
tion of the present invention are exemplary and explan-
atory and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are in-
cluded to provide a further understanding of the inven-
tion and are incorporated in and constitute a part of this
application, illustrate embodiment(s) of the invention
and together with the description serve to explain the
principle of the invention. In the drawings:
[0023] Fig. 1 is a perspective view illustrating a struc-
ture of a discharge cell in the related art PDP;
[0024] Fig. 2 is an exemplary view illustrating a struc-
ture of sub-fields in one frame;
[0025] Fig. 3 is a view illustrating the related art error
diffusion method;
[0026] Fig. 4 is a schematic block diagram illustrating
a gray scale processor of a PDP according to an em-

bodiment of the present invention;
[0027] Fig. 5 is a block diagram illustrating a detailed
structure of an error diffusing/dithering block shown in
Fig. 4;
[0028] Fig. 6 is a diagram illustrating a bit structure of
video data outputted from a gamma corrector shown in
Fig. 4;
[0029] Fig. 7 is a diagram illustrating an error diffusion
method in an random error diffuser shown in Fig. 5;
[0030] Fig. 8 is a block diagram illustrating a structure
of a dithering block shown in Fig. 5;
[0031] Fig. 9 is a diagram illustrating a dithering mask
pattern stored in a dithering mask table shown in Fig. 8;
and
[0032] Fig. 10 is a diagram illustrating a method in
which a gray scale expression is inc reased by the error
diffusing/dithering block shown in Fig. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings .
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or
like parts.
[0034] Fig. 4 is a schematic block diagram illustrating
a gray scale processor of a PDP according to an em-
bodiment of the present invention.
[0035] Referring to Fig. 4, the gray scale processor
includes a gamma corrector 30, an error diffusing/dith-
ering block 32, a sub-field mapping block 34 and a data
driving block 36, which are connected between a video
data input line and a PDP 38.
[0036] Digital video data that was gamma-corrected
to be adapted to a luminance characteristic of a cathode
ray tube (CRT), namely pixel values that is to be provid-
ed to respective pixels, is inputted to the gamma correc-
tor 30 from the outside. The gamma corrector 30 in-
versely gamma-corrects the inputted pixel values to
thereby cause a linear luminance characteristic accord-
ing to a pixel value to be linear.
[0037] For example, the gamma collector 30 outputs
an inversely gamma-corrected pixel value correspond-
ing to an input pixel value by using a preset look-up table
so that a luminance characteristic according to a pixel
value follows a 2.2 gamma curve. In this case, each of
pixel values outputted from the comma corrector 30 is
composed of an integer part and a decimal part. For ex-
ample, if an 8-bit pixel value is inputted to the gamma
corrector 30 as shown in Fig. 6, the gamma corrector
30 outputs a 16-bit inversely gamma-corrected pixel val-
ue composed of an 8-bit integer part and an 8-bit deci-
mal part. At this time, the 8-bit decimal part is composed
of upper part bits used for random error diffusing and
lower part bits used for random dithering. Of course,
when a more increase of gray scale expression is re-
quired, more upper part bits and more lower part bits
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can be used.
[0038] The error diffusing/dithering block 32 corrects
each of the pixel values outputted from the gamma cor-
rector 30 by error diffusing and dithering to thereby in-
crease a gray scale expression and decrease the
number of bits of pixel values. That is, the error diffusing/
dithering block 32 error-diffuses the inversely gamma-
corrected pixel values by using a first random coeffi-
cient, and then dithers the error-diffused pixel values by
using a second random coefficient. Here, the error -dif-
fusion of the inversely gamma corrected pixel values
through the first random coefficient generates a carry
signal. The so -generated carry signal is added to upper
part bits of a decimal part of a pixel value prior to a dith-
ering process.
[0039] In this manner, the addition of the first and seco
nd random coefficients in the error diffusing and dither-
ing can prevent an error diffusion pattern caused by a
constant error diffusion coefficient from occurring. Also,
the error diffusing/dithering block 32 performs a random
error diffusing by using lower part bits of a decimal part
of a pixel value used in a dithering operation, thereby
enabling rather more gray scale expression through
subdivision of a step interval between dithering patterns.
An operation of the error diffusing/dithering block 32 will
be described in detail later.
[0040] The sub-field mapping block 34 maps each of
pixel values outputted from the error diffusing/dithering
block 32 to a predetermined sub-field pattern.
[0041] The data diving block 36 latches input data that
is divided on a bit basis according to a sub-field pattern
outputted from the sub-field mapping block 34, and pro-
vides the latched data to a corresponding data electrode
of the PDP 38 on a line basis during the period while
one horizontal line is driven.
[0042] The PDP 38 includes a data electrode and sus-
tain electrodes (for example, scan electrode and sustain
electrode) that intersect the data electrode with a dis-
charge space being interposed therebetween. Accord-
ingly, a discharge cell having the discharge space cor-
responding to a sub -pixel is formed at an intersection
between the data electrode and the sustain electrodes.
[0043] Whenever a scan electrode of sustain elec-
trodes is driven during the address period of each sub
-field, the PDP 38 selects discharge cells which is to be
turn -on by address discharge according to data provid-
ed from the data driving block 36 to a data electrode.
The PDP 38 makes the selected discharge cells main-
tain discharge during the sustain period of each subfiled
by driving the sustain electrodes. In this case, sin ce the
number of sub-fields constituting one frame is de-
creased as many as the number of bits of video data is
decreased by the error diffusing/dithering block 32, a
sufficient address period can be obtained, whereby the
PDP 38 can be driven only by a sing le-scan method.
[0044] Fig. 5 is a block diagram illustrating a detailed
structure of the error diffusing/dithering block shown in
Fig. 4.

[0045] Referring to Fig. 5, the error diffusing/dithering
block 32 includes a random generator 43, an average
picture level (APL) operation block 45, a random error
diffusing block 40 and a dithering block 50. Here, the
APL operation block 45 may either be included in the
error diffusing/dithering block 32 or may be separately
equipped at the outside.
[0046] The random generator 43 generates random
coefficients R1 and R2 and provides the generated ran-
dom coefficients to the random error diffusing block 40.
These random coefficients R1 and R2 are used for ran-
dom error diffusing.
[0047] The random error diffusing block 40 generates
a carry signal by adding an error diffusion coefficient,
which is calculated by giving predetermined different
weights depending on video data outputted from the
gamma corrector 30, a current pixel value and a random
coefficient. As shown in Fig. 7, by using pixels A and B
neighboring a current pixel D and pixels A and C neigh-
boring a current pixel E, respective carry values of the
current pixels D and E are expressed as the following
Equation (1).
[0048] E.D Carry ch1(D)=Random coff.
a+A37+B35+ch1_cur_err
[0049] E.D Carry ch2(E)=Random coff.
b+A37+C35+ch2_cur_err (1)
[0050] Here, 'Random coff.a' and 'Random coff.a' re-
spectively represent the random coefficients R1 and R2,
and 'A', 'B' and 'C' respectively represent random error
diffusion values of the pixels A, B and C, and
'ch1_cur_err' and 'ch2_cur_err' respectively represent
the current pixel values of the pixels D and E.
[0051] As shown in Equation (1), the carry signal is
generated by adding respective error diffusion coeffi-
cients, which are calculated by respectively multiplying
random error diffusion values of neighboring pixels by
different weights, random coefficient R, and current pix-
el value.
[0052] For example, a random error diffusion value of
the pixel D is calculated by multiplying lower 5 bits of a
decimal part of 'A' by a weight 7 and multiplying lower 5
bits of a decimal part of 'B' by a weight 5 and then adding
the two resulting values, as shown in Equation (1). In
this manner, a carry signal of the pixel D is calculated
by adding the random error diffusion value, the first ran-
dom coefficient R1 and the current pixel value of the pix-
el D. At this time, an uppermost bit of the lower 5 bits
generates a carry signal '0' or '1'. The so-generated car-
ry signal added to an upper 3 bits of a decimal part of
'D', whereby a random error diffusion value of 11 bits (8
bits of a integer part + 3 bits of a decimal part) is output-
ted to the dithering block 50.
[0053] The dithering block 50 dithers the random error
diffusion value from the random error diffusing block 40
by using an APL mask selected according to a dithering
mask pattern and an APL value calculated by the APL
operation block 45, and thereby outputs a pixel value
whose bit number is decreased to the sub-field mapping
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block 34.
[0054] For this, the dithering block 50 includes a dith-
ering mask controller 52, a dithering mask table 54, an
APL mask table 56, an exclusive OR (XOR) gate 57 and
an adder 58 as shown in Fig. 8.
[0055] The dithering mask controller 52 counts a ver-
tical synchronization signal (V) received from an outside
controller (not shown) to thereby indicate a correspond-
ing frame out of 4 frames 1F through 4F, and counts a
horizontal synchronization signal (H) and a pixel clock
signal (P) to thereby indicate horizontal and vertical lines
(i.e. a cell position) in the corresponding frame.
[0056] The dithering mask table 54 stores dithering
mask patterns different from one another by gray scales
and frames. For example, as shown in Fig. 9, dithering
mask patterns, each of which has the size of 4x4 cells,
are classified by 8 gray scales of 0 through 7/8 corre-
sponding to upper 3 bits of a decimal part of a random
error diffusion value, and each of the resulting 8 dither-
ing mask patterns is reclassified by the 4 frames 1F
through 4F, whereby a total of 32 dithering mask pat-
terns are stored in the dithering mask table 54. Although
dithering mask patterns set to '0' or '1' in the frames 2F
and 3F are not shown in Fig. 9 for simplicity, dithering
mask patterns, which are set to '0' or '1' in such a way
as that of the frames 1F and 4F, are included in the
frames 2F and 3F. Referring to Fig. 9, in respective dith-
ering mask patterns of gray scales 0 through 7/8, the
number of cells set to a dither value '1' increases in order
of 0, 2, 4, 6, 8, 10, 12 and 14. Additionally, positions of
cells set to a dithering value "1" var y by the 4 frames
1F through 4F. Positions of dithering values "1s" in re-
spective dithering mask patterns may vary depending
on designer 's requests. According to these dithering
mask patterns, positions of on -cells corresponding to
dithering values '1s' can be controlled in time and space.
Also, positions of dithering values '1s' in dithering mask
patterns vary by gray scales and frames, whereby an
error diffusion noise caused by repetition of a constant
dithering mask pattern, such as a lattice noise, can be
decreased. Furthermore, dithering mask patterns differ-
ent from one another by R (red), G (green) and B (blue)
pixels may be stored in the dithering mask table 54 so
as to further decrease a noise caused by a dither mask
pattern.
[0057] The dithering mask table 54 storing the afore-
mentioned dithering mask patterns receives a random
error diffusion value, for example, upper 3 bits of a dec-
imal part out of a pixel value of 11 bits (8 bits of an integer
part + 3 bits of a decimal part) from the random error
diffusing block 40 to then select a dithering mask pattern
corresponding to a gray scale of the upper 3 bits.
[0058] That is, the dithering mask table 54 selects a
dithering mask pattern of a gray scale corresponding to
the received upper 3 bits out of the dithering mask pat-
terns shown in Fig. 9. Thereafter, the dithering mask ta-
ble 54 selects a dithering value D corresponding to a
position of a frame and a cell indicated by the dithering

mask controller 52 out of the selected dithering mask
pattern to then output the selected dithering value D to
the XOR gate 57. Meanwhile, an APL mask selected out
of the APL mask table 56 is inputted to the XOR gate
57. That is, at least one or more APL masks are stored
in the APL mask table 56 so that one of the stored APL
mask is selected according to an APL value outputted
from the APL operation block 45. For example, if APL
values are within the range of 0 through 100, respective
APL masks are set and stored in the APL mask table 56
so that APL values 0 through 25 correspond to an APL
mask 1, APL values 26 through 50 correspond to an APL
mask 2, APL values 51 through 75 correspond to an APL
mask 3, and APL values 76 through 100 correspond to
an APL mask 4. Of course, if APL values are further sub-
divided, more APL masks can be set. At this time, it is
preferable that the APL mask values are set to be pro-
portional to the APL values. That is, according as an
APL value increases, more '1s' are set in a correspond-
ing APL mask.
[0059] In this manner, a dithering mask selected out
of the dithering mask table 54 and an APL mask value
are inputted to the XOR gate 57, and are then XORed
in the XOR gate 57. The XORed value is inputted to the
adder 58.
[0060] The adder 58 adds the XORed value outputted
from the XOR gate 56 and the random error diffusion
value outputted from the random error diffusing block 40
to then provide the added value to the sub-field mapping
block 34.
[0061] In this manner, the gray scale processing ap-
paratus and method according to the present invention
randomly error-diffuses a pixel value whose bit number
is extended from 8 to 16 by inverse gamma correction,
and performs dithering by using APL mask values dif-
ferent from one another according to APL values, and
thereby can remove a noise such as a pattern caused
by error diffusion.
[0062] The gray scale processing apparatus and
method subdivides gray scales between basic gray
scales by performing at the dithering block 50 a dithering
by using the dithering mask patterns shown in Fig. 9,
and thereby can increase the number of expressible
gray scales. This is possible by combination of data '1s'
that are dispersed in space and time, such as the dith-
ering mask patterns shown in Fig. 9. For example, the
present invention represents 256 basic gray scales by
using an 8 -bit pixel value finally generated by an error
diffusing and dithering operation. If 8 gray scales are
represented by the dithering and 32 gray scales are rep-
resented by the random error diffusing as shown in Fig.
10, a total of 256 gray scales can be represented.
[0063] As stated above, the gray scale processing ap-
paratus and method according to the present invention
randomly error-diffuses video data by using random co-
efficients and performs a dithering by using different
APL mask values according to APL values, and thereby
can enhance a gray scale expression and minimize an
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error diffusion noise.
[0064] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the ap-
pended claims and their equivalents.

Claims

1. A method for processing a gray scale in a display
device which displays video data, the method com-
prising the s teps of:

randomly error-diffusing the video data by us-
ing random coefficients; and
dithering the error-diffused video data by using
average picture level (APL) mask.

2. The method according to claim 1, wherein the video
data is data that is inversely gamma-corrected and
has an integer part and a decimal part.

3. The method according to claim 2, wherein the dec-
imal part comprises upper part bits and lower part
bits, the upper part bits being used for the dithering,
the lower part bits being used for the random error
diffusing.

4. The method according to claim 1, wherein the APL
mask comprises at least one or more masks corre-
sponding to APL values.

5. The method according to claim 1, wherein the APL
mask has mask values proportional to APL values.

6. The method according to claim 1, wherein the ran-
domly error-diffusing step comprises the steps of:

generating a carry signal by adding error diffu-
sion coefficients, a current pixel value and the
random coefficient, the error diffusion coeffi-
cients being obtain ed by respectively giving
predetermined different weights to error diffu-
sion values of a neighboring pixel of the video
data; and
adding the carry signal to upper part bits of the
current pixel and outputting the resulting value.

7. The method according to claim 6, wherein the steps
are identically performed with respect to respective
pixels of the video data.

8. The method according to claim 1, wherein the dith-
ering step comprises the steps of:

selecting a dithering mask pattern correspond-

ing to the random error diffusion value;
XORing a dithering value of the selected dith-
ering mask pattern and the APL mask; and
adding the XORed value to the random error
diffusing value and outputting the resulting val-
ue.

9. The method according to claim 8, wherein the se-
lected dithering mask pattern is outputted depend-
ing on combination of a vertical synchronization sig-
nal, a horizontal synchronization signal and a pixel
clock signal.

10. The method according to claim 8, wherein the dith-
ering mask pattern is selected by a gray scale value
corresponding to upper part bits of a decimal part
of the random error diffusion value.

11. The method according to claim 8, wherein the dith-
ering mask pattern is set by gray scales and frames.

12. An apparatus for processing a gray scale in a dis-
play device which displays video data, the appara-
tus comprising:

a random error diffusing block for randomly er-
ror -diffusing the video data by using random
coefficients; and
a dithering block for dithering the error -diffused
video data by using average picture level (APL)
mask.

13. The apparatus according to claim 12, further com-
prising a gamma corrector for inversely gamma
-correcting the video data to thereby cause the vid-
eo data to have an integer part and a decimal part.

14. The apparatus according to claim 13, wherein the
decimal part comprises upper part bits and lower
part bits, the upper part bits being used for the dith-
ering, the lower part bits being used for the random
error diffusing.

15. The apparatus according to claim 12, furthe r com-
prising a random generator for generating a random
coefficient and providing the random coefficient to
the random error diffusing block.

16. The apparatus according to claim 12, further com-
prising an APL operation block for calculating an
APL value o f the video data.

17. The apparatus according to claim 12, wherein the
random error diffusing block generates a carry sig-
nal by adding error diffusion coefficients, a current
pixel value and the random coefficient, the error dif-
fusion coefficients being obtained by respectively
giving predetermined different weights to error dif-
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fusion values of a neighboring pixel of the video da-
ta, and the random error diffusing block adds the
carry signal to upper part bits of the current pixel
and outputs the resulting value.

18. The apparatus according to claim 12, wherein the
dithering block comprises:

a dithering mask table for selecting a dithering
mask pattern corresponding to the random er-
ror diffusion value;
an XOR gate for XORing a dithering value of
the selecte d dithering mask pattern and the
APL mask; and
an adder for adding the XORed value to the ran-
dom error diffusing value.

19. The apparatus according to claim 18, wherein the
selected dithering mask pattern is outputted ac-
cording to combination of a vertical synchronization
signal, a horizontal synchronization signal and a
pixel clock signal.

20. The apparatus according to claim 18, wherein the
dithering mask pattern is selected by a gray scale
value corresponding to upper part bits of a decimal
part of the random error diffusion value.

21. The apparatus according to claim 18, wherein the
dithering mask pattern is set by gray scales and
frames.

22. The apparatus according to claim 12, wherein the
dithering block selects one of APL masks depend-
ing on APL va lues outputted from the APL opera-
tion block and uses the selected one for dithering.
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